Rationale: Accurate reference values for spirometry are important because the results are used for diagnosing common chronic lung diseases such as asthma and chronic obstructive pulmonary disease, estimating physiologic impairment, and predicting all-cause mortality. Reference equations have been established for Mexican Americans but not for others with Hispanic/Latino backgrounds.
Spirometry is the most clinically important pulmonary function test for medical diagnoses, and the FVC and FEV 1 are key spirometric parameters. A low FVC is associated with many lung conditions that restrict patients' functionality and quality of life. A low FEV 1 /FVC indicates airway obstruction, which occurs with the most common chronic lung diseases of adults, such as chronic obstructive pulmonary disease (COPD) and poorly controlled asthma. In most large epidemiologic cohort studies, FVC and FEV 1 have been shown to be excellent independent predictors of allcause and cardiovascular mortality (1) (2) (3) .
Spirometry reference equations are used to determine the percent predicted values and lower limits of the normal range (LLN) for lung function parameters on the basis of sex, age, and height. Equations from NHANES III (Third National Health and Nutrition Examination Study) (4) , which included large numbers of healthy white individuals, Mexican Americans, and African Americans, are widely used throughout North America, as recommended by the 2005 pulmonary function testing guidelines (5) . Spirometry reference equations for Hispanics/Latinos from four South American cities and Mexico City were subsequently published by the PLATINO (Latin American Research Project on Lung Obstruction) investigators (6) . Further, the Global Lung Initiative (GLI) compiled spirometric results from around the world (including NHANES III) and published spirometry reference equations and LLN values for people aged 4-94 years in several ethnic and racial groups (7) . The Multi-Ethnic Study of Atherosclerosis Lung Study researchers applied the NHANES III equations for white individuals, African Americans, and Mexican Americans to healthy never-smokers, and they noted no differences between observed and predicted values for these three racial/ethnic groups (8) . Differences were noted for Hispanics/Latinos of non-Mexican background, but the sample size did not support development of reference equations.
Hispanic/Latino adults living in the United States include persons of varied backgrounds, generational statuses, and countries of origin. Genetic admixtures indicate that continental ancestry proportions differ among Hispanic/Latino background groups (9) , which could translate into variation in trunk/leg ratio. Extrinsic factors, such as airborne exposure, nutrition, and socioeconomic status (SES) during childhood, may also vary. These factors have been shown in previous studies to affect lung function in adulthood (10) . The HCHS/SOL (Hispanic Community Health Study/Study of Latinos) was designed to address differences in baseline risk factors for and incidence of cardiovascular and pulmonary diseases among subpopulations defined by Hispanic/Latino background/heritage, namely Cuban, Mexican, Puerto Rican, Dominican, and Central and South American. The HCHS/SOL cohort sample selection, designed to yield subpopulationspecific sample sizes sufficient to support comparative analyses, as well as the highquality spirometry testing procedures used, including identical instruments at all field centers and a central quality assurance program similar to that used in NHANES III, make HCHS/SOL uniquely positioned for an examination of spirometry reference values among U.S. Hispanic/Latino subpopulations.
Methods

Study Design
HCHS/SOL is a community-based probability sample cohort study designed to examine risk factors of chronic disease among Hispanics/Latinos living in the United States (11) . The HCHS/SOL researchers recruited 16,415 self-identified Hispanics/Latinos aged 18-74 years residing in four U.S. communities (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA) between March 2008 and June 2011. Households were selected using a stratified two-stage area probability sample (12, 13) .
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Analysis Population
Reference equations are based on a healthy subset of participants without respiratory symptoms or disease, with no significant smoking history, and with good quality prebronchodilator (pre-BD) spirometry (quality grade C or better [17] ). Exclusions, consistent with previous studies as being associated with significantly reduced lung function (18) , included being a current smoker or having a smoking history greater than 10 pack-years, COPD, chronic bronchitis, current asthma, current wheeze, shortness of breath, positive BD response, post-BD FEV 1 /FVC less than 0.70, weight greater than 136 kg, body mass index (BMI) greater than 35 kg/m 2 , serious medical conditions, and current pregnancy. We also excluded those whose Hispanic background was not reported.
Statistical Analyses
Survey data analysis methods accounted for cluster sampling of households within census block groups and participants within households, weighting due to oversampling of older ages, and post-stratification adjustment for nonresponse (12 
Results
The HCHS/SOL investigators recruited 16,415 participants, among whom 38% were of Mexican heritage, 16% were of Puerto Rican heritage, 20% were of Cuban heritage, 7% were of Central American heritage, 10% were of Dominican heritage, 5% were of South American heritage, and 4% were of other or mixed heritage. Pre-BD spirometry was obtained for 94% of the cohort and post-BD spirometry for 76% of those with obstructive lung function based on the pre-BD results (n = 1,073). Nine percent of participants had low-quality or missing spirometry and were therefore excluded from the analysis population. Tables 1 and  E1 provide all exclusions, which resulted in Definition of abbreviations: BMI = body mass index; COPD = chronic obstructive pulmonary disease. *Exclusion criteria were implemented in the order listed; thus, participants were excluded only once despite possibly meeting multiple exclusion criteria. † The total number of participants meeting a particular exclusion criterion regardless of order (i.e., multiple exclusions per participant are accounted for). ‡ Spirometry quality grades D, F, or missing (prebronchodilator).
x Self-report. Tables  E3A and E3B . Of note is a somewhat higher percentage excluded for missing or lowquality spirometry in the Bronx field center (16%) than in the other centers (6 to 8%). Initial problems were identified by the spirometry reading center's data review, and retraining was provided to improve the quality of spirometry data collection across all centers. Most participants with missing or low-grade spirometry also had another reason for exclusion; overall, only 1% of participants (n = 171) were excluded from the healthy subset due solely to the absence of usable spirometry, with the Bronx field center having the highest rate of 1.7%.
Population estimates of demographic characteristics for the healthy subset are described in Table 2 . The average ages were 40 years for women and 37 years for men. Average BMI values for women and men were 27.3 kg/m 2 and 27.6 kg/m 2 , respectively. The average age in this healthy subset was somewhat younger than in the full population, and the spirometry results, weight, and BMI reflected better health status. For example, mean FEV 1 values were 2.72 (SE, 0.01) for women and 3.79 (SE, 0.02) for men in the healthy subset, compared with 2.58 (SE, 0.01) and 3.59 (SE, 0.02), respectively, for the full population (Table E4) . Population estimates by sex and Hispanic/Latino background are provided in Tables E5A and E5B .
Model selection procedures resulted in the same model structure for FEV 1 , FVC, and FEV 1 /FVC (Table 3) . Separate intercepts were fit for each Hispanic/Latino background, resulting in parallel curves for the different background groups with respect to age and height. Interactions between background and age or height did not substantially improve model fit and were nominally nonsignificant (P . 0.05). Linear effects for height provided adequate fit. A quadratic term for height was identified only for FVC among women (P = 0.048), but the increase in R 2 was minimal. A quadratic effect for age was needed to capture the variation across the 18-74 years age range (P , 0.05 in each model, except FEV 1 among men). For consistency, age 2 was maintained in all models, and height 2 was excluded. The final model explained 58% of the variation in FEV 1 for women (R 2 = 0.58) and 54% for men; for FVC, it explained 50% for women and 48% for men; and for FEV 1 /FVC, it explained 31% for women and 20% for men (Table 3 ).
The final model parameterization has a simpler structure than the NHANES III model parameterizations (4), which included quadratic terms in height for some of the models. Applying the NHANES III model parameterizations to the HCHS/SOL healthy subset yielded essentially the same R 2 values as our chosen models for FEV 1 and FVC, but a lower R 2 value (indicating a poorer fit) for FEV 1 /FVC (R 2 = 0.29 and 0.18 for women and men, respectively).
The estimated regression coefficients for each of the six models are provided in Table 4 . Predicted values and LLNs can be computed from these coefficients according to the following formulas:
(1) lower predicted values for FEV 1 and FVC than the predicted values from the NHANES III Mexican American and the GLI white reference equations, and also than other Hispanic/Latino groups from HCHS/SOL. All other background groups had numerically similar predicted values to those from both NHANES and GLI.
Predicted mean values and 95% CIs by sex and Hispanic/Latino background at age 45 years and average height are depicted for each parameter in Figures 5-7 . Predicted values for the Dominican and Puerto Rican groups were statistically significantly lower than for many other Hispanic/Latino groups (P , 0.002 with adjustment for multiple comparisons) and demonstrated a trend (P , 0.05) compared with all other backgrounds individually (except the other/mixed group for women). Predicted values from the NHANES and GLI FEV 1 and FVC equations are within the 95% CIs for Mexican and South American backgrounds, but they are larger than the upper 95% CIs for Dominicans, Puerto Ricans, and Cubans.
Figures E3A-E3C show the predicted values at age 45 years and average height for background groups within each field center with a sample size of at least 200. Although only one field center (Bronx, NY) had a sufficient number of individuals of Dominican background for examination, Puerto Rican background was compared between the Chicago and Bronx centers. Average FEV 1 for men was found to be lower (worse) in Chicago than in the Bronx (P = 0.026). This difference persisted after further adjustment for BMI, education level, years in the United States, and age at immigration. There were no other differences between sites within background groups.
FEV 1 /FVC declined with age. For men, the predicted and LLN values at ages above 50 years were numerically higher than with the NHANES III and GLI reference equations (4, 7). The curvilinear shape of the equation with respect to age for both sexes appears to be driven by a few outliers in the oldest age group with short FVC maneuvers. Dominican background had numerically higher predicted FEV 1 /FVC than all other Hispanic/Latino backgrounds other than the mixed or other category, with statistically significant differences (P , 0.002) versus some backgrounds.
Discussion
The study design and sample selection of the HCHS/SOL, the largest study conducted to date of U.S. Hispanics/Latinos, provide a unique opportunity to estimate reference equations for spirometry parameters based on healthy Hispanics with diverse backgrounds. Reference equations currently in use, such as the NHANES III or GLI equations, rely predominantly on data from Mexican Americans with suggested extrapolation to other Hispanic groups. The differences we observed among Hispanic/Latino background groups in predicted FEV 1 , FVC, and FEV 1 /FVC are clinically important and suggest that use of the HCHS/SOL reference equations may be more appropriate, especially for adult patients with Dominican and Puerto Rican backgrounds who are seen in clinical practice with pulmonary symptoms. The use of these equations should provide a more accurate assessment of lung function abnormality and physiologic impairment and avoid the potential for overdiagnosis of restriction based on percent predicted FVC and, potentially, misclassification of COPD and asthma based on the LLN for the FEV 1 /FVC ratio.
The LLN of the FEV 1 /FVC ratio is clinically important because it is used to define airway obstruction for chronic lung diseases that commonly occur in adults, such as asthma and COPD. The lower LLNs from the GLI study are probably due to the inclusion of relatively large numbers of men and women over age 65 years, who exhibit larger variability in lung function.
The HCHS/SOL reference equations are based on model parameterizations that are straightforward to apply in a clinical setting and involve only sex, age, height, and Hispanic/Latino background obtained from self-identification as model covariates. There are many other factors that have been found to explain variability in lung function among subpopulations (e.g., sitting height, waist circumference) that were not examined in the present study. Our analysis objective for HCHS/SOL was not to determine the best set of model predictors from all available measurements made on the study cohort, but rather to determine the best set among those measurements readily available during a routine clinical examination and traditionally used to determine normative values for patients seen in clinical practice.
Ethnic or racial differences in lung function have long been recognized, with studies confirming that for a given sex, age, and height, healthy African Americans and Mexican Americans have 12 to 15% and 5 to 10%, respectively, lower FEV 1 and FVC (but similar ratios) compared with white individuals (4). Consistent with the HCHS/SOL results, Hispanics of nonMexican background in the Multi-Ethnic Study of Atherosclerosis Lung Study, most of whom were of Puerto Rican and Dominican background, had lower FEV 1 and FVC than Mexican Americans (8) . The 2005 ATS and European Respiratory Society spirometry guidelines recommended the use of race-and ethnicity-specific reference equations developed from NHANES III throughout North America (5) . A large worldwide spirometry study (PURE [Prospective Urban Rural Epidemiology Study]) recently confirmed racial and ethnic differences of more than 25% in FEV 1 and FVC (19) . An analysis of adults self-identifying as African American from five large cohort studies found that differences in FVC were directly proportional to the percentage of African ancestry determined by DNA testing (20) , suggesting that differences in FVC may be due to the substantially higher proportion of African ancestry in HCHS/SOL Dominican background and, to a lesser degree, Puerto Rican background (9) . We investigated this in additional analyses within the subset of the healthy sample with genetic data (n = 4,037 [63%]). After adjustment for percent African genetic ancestry, there were no differences between backgrounds for any parameter for women. Differences remained, although they were somewhat attenuated, in Puerto Rican men for FEV 1 (vs. all backgrounds except Central American) and FVC (vs. Mexican and South American). The fact that Puerto Rican differences were not fully explained by African genetic ancestry, whereas those between Dominicans and other groups were, may be reflective of the ancestral patterns; for example, average percent African genetic ancestry among Puerto Ricans was approximately half that of Dominicans (9) .
One important difference in the methodology used to estimate the HCHS/SOL and NHANES III reference equations is the use of sampling weights, which impact the point estimates, and other sample design parameters, such as clustering and stratification, which impact the estimates of variance. By applying survey regression methods to fit the prediction models, we are able to draw inference to the target population of all healthy Hispanics/Latinos residing in the four community areas targeted for recruitment and not just to the study sample of participants. The resulting R 2 values, which indicate a smaller percentage of variation explained by our equations than that reported for the NHANES III reference equations for Mexican Americans, reflect this ability to make broader inference to the target population. For example, the R 2 values for healthy Mexican Americans in the NHANES III equations for FEV 1 , FVC, and FEV 1 /FVC were 73%, 71%, and 34% for women and 85%, 86%, and 27% for men (4) , respectively, all greater than the corresponding R 2 values for the HCHS/SOL equations. Because the same spirometry protocol was used for both studies, the smaller R 2 values are likely due both to a more heterogeneous population being studied in HCHS/SOL and to HCHS/SOL's total variation estimate representing the target population (with sampling weights and design-based estimates) and not just the study sample, as in NHANES. A limitation is that results from the four urban communities might not be generalizable to the U.S. population. 
ORIGINAL ARTICLE
The problems inherent in applying spirometry reference values derived from healthy white individuals to all ethnic and racial groups are well recognized (21) (22) (23) . Because nonwhite race/ethnicity is often associated with lower SES, relatively poor childhood nutrition, and exposure to higher levels of indoor and outdoor air pollution during childhood (24) , some epidemiologists suggest that using race-or ethnicity-specific reference equations draws attention from these suboptimal conditions, making them seem normal (25) . Indeed, mean FVC for a given sex, age, and height is higher for third-generation Japanese Americans than for first-generation Japanese Americans (26) . Changes in SES over time within Japan during the 20th century (especially after World War II) are associated with changes in the sitting to standing height ratio, which explain differences in predicted FVC from one Japanese birth cohort to another (27) . These types of changes over time support the need for periodic updates to normalizing equations to ensure their usefulness in clinical practice.
On one hand, improvement in SES when Hispanic/Latino adults move from their native countries to the United States has probably increased lung volumes among their children growing up in the United States. On the other hand, differences in body build, exemplified by the lower average trunk/leg ratio among African Americans, and probably certain Hispanics/Latinos than non-Hispanic white individuals, likely explains at least some of the differences in percent predicted spirometric indices. Such differences should not be ignored in the evaluation of a specific patient, in the interest of counterbalancing hypothesized low SES. Furthermore, aside from leading to unnecessary treatment and treatment side effects, overdiagnosis of lung disease has the potential for needless disqualification of Hispanics from certain occupations-notably firefighting. We are unaware of a study that has attempted to separate differences in percentage African ancestry from differences in childhood SES in their effect on the growth of lung volumes during childhood and adolescence (which is the source of the differences seen in adulthood).
Although an argument can be made against using race-and ethnicity-specific spirometry reference equations for epidemiologic purposes and for estimating the prevalence of lung disease in large population groups, we believe that they can be useful when spirometric results are used to assist clinicians who are detecting lung diseases in adults with respiratory symptoms. They are also useful when estimating the severity of physiologic impairment or disease control in patients who have been diagnosed with lung disease. For example, an adult cigarette smoker with dyspnea and a low post-BD FEV 1 /FVC is often diagnosed as having COPD (28) . In clinical practice, treatment decisions are often based in part on the percent predicted FEV 1 . If such a patient is of Dominican or Puerto Rican background and the NHANES III reference equation for Mexican Americans is used, the percent predicted FEV 1 may be underestimated by as much as 10%, which could impact the course of treatment recommended.
We have presented reference equations and LLN values for spirometric parameters from a large, population-based study of U.S. Hispanics/Latinos. The findings suggest that applying predicted values and the LLN derived among Mexican Americans to Puerto Ricans and Dominicans results in substantial misclassification, which is likely to be clinically significant for some patients. Use of these background-specific equations in clinical practice has the potential to provide benefit through the use of more accurate normalizing values when diagnosing and treating lung disease compared with those based on equations for Mexican Americans alone. n Author disclosures are available with the text of this article at www.atsjournals.org.
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